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1. Introduction

Related document retrieval is a function to output related
documents in the order of the similarities to the documents that
are relevant to a user's need. We have developed a related
document retrieval system.

Our retrieval system handles structured documents with a TRIE-
formed word index file. The index includes index words that are
tagged by document field information.

In general, a document retrieval system is evaluated in its recall
rate, precision and so on. We have done a experiment in order to
evaluate our retrieval system using NTCIR-1. Actually, next two
retrieval cases have been considered:

(1) A user constructs retrieval expressions manually
(2) The system constructs retrieval expressions automatically

In this paper, we describe the method of processing structured
documents, the algorithm of the related document retrieval and
the evaluation of the system using NTCIR-1.

2. Processing structured documents

2.1 Overview

In general indexing methods, index words are stored in multiple
tables, and each table includes index words that appear in the
same document field layer. In searching, a retriever has to search
index words from all tables.

While, in our retrieval system, an index word is tagged by
document field information, and is stored in a TRIE-formed word
index file.

The overview of the processing structured documents is
represented in Figure 1. In this paper, a structured document is
not only described in SGML-like format, but also embedded
implicit structure tags which are represented by specified strings.
And a CSV(Comma Separated Value) document is also a
structured document. In a CSV document, a row is a subject of the
retrieval, and a column is a document field.

2.2 Encoding of the document field

information
Document field information is encoded in a binary byte array.
Document structure tags are extracted from the structured

documents, then each tag is assigned to specified binary byte array.

Length of an assigned byte array is not fixed, but is according to
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Figure 1. Overview of the processing structured documents

the depth of its document field layer. Figure 2 is an example of
encoding of document field information.

An index word is encoded in the combination of its word string,
a delimiter byte and a byte array of its document field information.
For example, an index word "7 A " which appears in the
document field " [ B ] " is encoded in a binary byte array "AS
C6 A5 B9 AS C8 FF 83 81"(in the hexadecimal format). The
character code is EUC-kanji, and the delimiter byte is "FF".

Structure Tag Code Structure Tag Code
RN FF RN FF
+ +<SDO BIJ> FF80 B A1) FF80
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Figure 2. Examples of Document Field Information

2.3 Extraction of index words

Subjective documents written in Japanese are applied to a
Japanese morphological analysis. We have developed a Japanese
morphological analyzer that is based on two-level morphology,
and apply the analyzer to the retrieval system.



From the output of the analyzer, content words are registered in
the index. And compound words are also registered. Compound
words consist of at least two noun words that place in the
neighborhood. For example, A, B and C are three noun word and
"ABC" are described in a document, then in the index, six words
A, B, C, AB, BC and ABC are registered.

2.4 Method of retrieval for structured

documents
An example of the TRIE-formed index is described in Figure 3.
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Figure 3. "Exaniplé’6f d TRIE-formed index

(1) Exact matching

A user specifies a search word and a document field where the
word appears.

Then the retrieval system begins to search index words which
consist of the search word and the document field information
from the TRIE-formed index file. In searching, the system search
es not only exactly matched index words, but also forward
partially matched ones that are found in the lower document field
layers.

(2) Forward partial matching

A user specifies a sub-string of a search word and a document
field where the word appears.

Then first, the retrieval system begins to search index words
from the TRIE-formed index file that include the sub-string.
Second, the system selects index words that include the specified
document field information.

3. Algorithm of the related document
retrieval

3.1 Overview
Document retrieval systems have been proposed which are based
on TF-IDF method and word vector space method.

While, the algorithm of our related document retrieval is based
on the concept of mutual information in the information theory.

3.2 Calculation of the similarity of a word

First, whole subjective documents are encoding as a information
source, whether a index word exists in a document or not. Then
in the information source, information entropy H1 is calculated
that an index word A exists in any document. And in case of a
document set Q is given as a retrieval condition, conditioned
information entropy H2 is calculated. Information I of A which is
calculated when the document set Q is given is the difference of

information entropy H1 and H2. In other words, information I of
an index word A is mutual information of H1 and H2.

H1 = — log, prob(A)

H2 = — log, prob(A|Q)

MI=Hl — H2
= log, (prob(AIQ) / prob(A))
=log;, (prob(A, Q) / (prob(A) * prob(Q)))
=log, (B - D/(a - DQ))

In above, prob(A) is a probability that the word A exists in a
document, prob(Q) is a ratio of the count of documents in Q
against that of the information source, prob(A|Q) is a probability
that A exists in Q, prob(A,Q) is a probability that a document
includes A and also belongs to Q. D is the total count of
documents in the information source, « is the count of
documents where word A appears, 3 is the count of documents
where word A appears and that belong to Q.

All index words in Q are considered as related words and the
information of a related word is considered as a related score, then
the related score of each related word is calculated. And if it is
assumed that the probability that each related word exists in a
document is independent, then the information of the case that
multiple related words exist in the same document is the sum of
information of related words.

3.3 Calculation of the similarity of a

document

Now documents including at least one related word are
considered as a related document, and the related score of a
related document is defined as the sum of related scores of related
words in the document.

In the implementation of the actual retrieval system, a related
score of A in case that Q is given is calculated as the following
equation:

MI’(A, Q)= B*/ «

Related Words B2 1o Score
®E 9? 9,000 0.009
HE 8’ 200 0.32
BENE 42 200 0.08
FTESY—3ay 22 100 0.04

And words are weighted according to the document field where
words appear. For example, a word appearing in the title field is
weighted two times as one appearing in the author field.

Tag Weight
REC
ACCN
TITL TYPE="kanji” 2
TITE TYPE="alpha” 2




AUPK TYPE="kanji”

AUPE TYPE="alpha”

CONF TYPE="kanji"

CNFE TYPE="alpha”

CNFD

ABST TYPE="kanji” 1
ABSE TYPE="alpha” 1
ABST.P

ABSE.P

KYWD TYPE="kaniji" 5
KYWE TYPE="alpha” 5
SOCN TYPE="kanji” 1
SOCE TYPE="alpha” 1

4. Evaluation of the system using NTCIR-1
4.1 Method of the experiment

In an experiment, next four retrieval methods are considered:

(Method 1) An user constructs an retrieval expression manually,
then executes a full text searching

(Method 2) A related document retrieval is executed with the
result of Method 1, and relevance feed-backs are executed
repeatedly

(Method 3) A related document retrieval is executed automatically
with a retrieval demand

(Method 4) A related document retrieval is executed with the
result of Method 3

The target theme of this experiment is number 0029.
Actual methods are followed:

(Method 1) A full text search was executed with the following
retrieval expression, then 56 results were obtained.

(NI (LB E (LB ) * Pk

(Method 2) Each result of Method 1 was checked, and 12
documents were picked up as relevant. And, a related document
retrieval was executed with the 12 relevant documents, then there
were 15 relevant documents in the result of the related document
retrieval, so the retrieval process was terminated.

(Method 3) A related document retrieval is executed automatically
with a retrieval demand

(Method 4) A related document retrieval is executed with the
result of Method 3

4.2 Result

Correct results were judged by the correct set A. Table 1 is the
relation between the count of extracted relevant documents and
the average precision, and Figure 4 is the graph of the relation
between the recall rate and the interpolated precision.

Extracted Average

Precision

Relevant

Method 1 56 22 0.0080

Method 2 1000 62 0.1300
Method 3 1000 72 0.1710
Method 4 1000 69 0.1480
Table 1. relation between the count of extracted relevant

documents
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Figure 4. relation between the recall rate and the interpolated
precision

5. Conclusion
From Table 1, Method 3 is the best in the count of extracted
documents and the average precision.
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